Background and Aims: Exclusive enteral nutrition [EEN] is recommended as a first-line induction therapy for paediatric Crohn's disease [CD] although corticosteroids [CS] are still used commonly. Our aim was to compare short-and long-term disease outcomes of paediatric CD patients initially managed with either EEN or CS. Methods: Medical records of newly diagnosed paediatric CD patients treated with EEN or CS as induction therapy were retrospectively reviewed. To minimise selection bias inherent in observational cohort studies, propensity analysis was carried out. Data on anthropometrics, medical history, and presenting phenotype were collected at time of diagnosis [baseline]; outcomes of interest, including medication use, hospitalisation, surgical procedures, and disease progression were assessed up to 6 years following diagnosis. Results: Of 127 patients reviewed, a total of 111 propensity-score matched CD patients receiving EEN [n = 76] or CS [n = 35] were analysed. By 4-12 weeks of induction therapy, 86.6% of EEN-treated patients achieved remission (Paediatric Crohn's Disease Activity Index [PCDAI] ≤ 7.5) compared with 58.1% of patients in the CS-treated group [p < 0.01]. Choice of EEN over CS for induction was associated with avoidance of corticosteroids over a 6-year follow-up period. Analysis of long-term linear growth, hospitalisation, need for biologic therapy, or surgical intervention did not reveal any significant differences. Conclusions: These findings suggest that EEN induction therapy is more effective in achieving early remission and is associated with long-term steroid avoidance without increased use of biologics or need for surgery.
Introduction
Up to 25% of Crohn's disease [CD] patients are diagnosed during childhood, at which time disease is characterised by more extensive intestinal involvement compared with adult-onset CD, with a comparable progression toward complicated disease. [1] [2] [3] Paediatriconset patients are also at risk for faltering growth, which is commonly present at diagnosis. 4 Short-term treatment decisions to achieve remission in the paediatric population must therefore take into account long-term outcomes including modification of disease progression, prevention of adverse effects of treatment, and guarantee of suitable growth and development.
Induction of remission in paediatric patients with active CD can be achieved by exclusive enteral nutrition [EEN] or corticosteroids [CS] . While meta-analyses of adult studies suggest superiority of CS, paediatric studies have shown that EEN is at least as effective as CS for inducing remission, and is more effective than CS in improving nutritional status and growth recovery without adverse side effects. [5] [6] [7] [8] EEN is also capable of achieving mucosal healing, an important therapeutic endpoint that, when achieved early, is associated with fewer hospitalisations, reduced surgical resections and risk of fistulising disease, and less use of biologic (anti-tumour necrosis factor [TNF]) drugs. 6, [8] [9] [10] [11] [12] Despite the reported benefits, EEN is not universally used in paediatric centres. Wide differences have been noted in the use of EEN between gastroenterologists in Europe and North America. 13, 14 We have recently reported that various factors, including concerns about compliance and costs, may affect the attitudes of health professionals towards EEN and impede its wider use. 15 Studies comparing the long-term outcomes of EEN versus CS treatment are limited. Few randomised controlled trials have been performed, and existing observational cohort studies are potentially confounded by differences in patient and/or disease characteristics at diagnosis which may bias treatment choice.
To examine differences in treatment response in our observational cohort, we used propensity-score matching to minimise confounding by indication which results from non-randomised assignment of treatment groups. Propensity-score methodology accounts for selection bias by first matching patients treated with different therapies for the distribution of potential confounders, and then comparing the therapies only within this subsample of matched patients. 16, 17 Newly-diagnosed children with CD treated with either CS or EEN as induction therapy were evaluated. We compared rates of remission, steroid avoidance, need for anti-TNF therapy, linear growth, and surgical resections for up to 6 years of follow-up.
Methods

Study design and data collection
A single-centre, retrospective analysis was performed on data collected from paediatric CD patients at the IWK Health Centre between January 2001 and March 2015. A prospectively maintained departmental database was used to identify newly diagnosed paediatric CD patients who received either CS or EEN as induction therapy. All study patients had a confirmed CD diagnosis based on established clinical, endoscopic, histological, and/or radiological criteria. 18 Information on patient demographics, disease characteristics, medications, and medical and family history were collected by detailed review of medical records. Disease was classified according to the Paris classification system for location [L1: distal 1/3 ileum, limited caecal disease; L2: colonic; L3: terminal ileum and colon; L4a and L4b: oesophagogastric proximal and distal to the ligament of Treitz, respectively] and behaviour [B1: non-stricturing, non-penetrating; B2: stricturing; B3: penetrating]. 18 For the purposes of analysis, L4a and/or L4b involvement was grouped as L4. Macroscopic involvement was defined by the presence of mucosal ulceration and/ or bowel wall thickening on radiography. Short-term outcomes were clinical response to treatment and remission based on PCDAI score. Clinical response was defined as a PCDAI change of ≥ 12.5 points, and remission was defined as a PCDAI ≤ 7.5 points, without the height item. [20] [21] [22] Long-term outcomes included changes in Htz, subsequent clinical outcomes including hospitalisation directly related to CD, need to commence anti-TNF agent, surgery, and change in disease phenotype. Changes in disease phenotype were assessed at each follow-up; specifically, anatomical extension of disease [confirmed by endoscopy/radiology], progression to stricturing/penetrating disease behaviour, and onset of perianal disease were analysed.
Sample size calculation
We performed a sample size calculation using 12-week steroid-free rates of remission [PCDAI ≤ 10, or ≤ 7.5 without the height item] reported in the GROWTH CD study comparing EEN-treated and CS-treated paediatric CD patients [73.1% versus 46.3%, respectively]. 7, 23 Considering an approximate 1:2 ratio of CS to EEN patients within our study, we determined that a minimum sample size of 114 patients was required for 80% power to detect this remission outcome [two-sided alpha risk 0.05].
Propensity-score matching
Induction therapy was selected by the treating physician and/or family, hence patients were not randomised to treatment. Covariates presumed to be associated with the decision of CS or EEN treatment were included in a multinomial logistic regression analysis. The covariates selected were gender, age, weight, height, PCDAI, disease location and behaviour, and presence of perianal disease. Propensity scores [PS] were generated automatically using SPSS [version 20.0, SPSS, Chicago, IL, USA], R 2.12.1 [http://cran.r-project.org], and an R plug-in for SPSS. 24 For the matched cohort analysis, patients treated with CS were matched with patients treated with EEN according to the PS, using a 1:2 matching procedure with replacement and a caliper width [ie the allowable standard deviation of PS] of 0.15 resulting in a relatively narrow difference between matched variables, as recommended. 25, 26 Nearest-neighbour matching with 1:2 replacement was used in order to retain as many CS patients as possible, as there were fewer CS patients eligible for participation in this study.
Statistical analysis
All statistical calculations were performed using IBM SPSS ver. 20.0 and Graph Pad Prism ver. 5 software. Continuous outcome measures were analysed using Mann-Whitney U test or t test, as appropriate. Categorical data were analysed using chi-square or Fisher's exact test. T tests were also used to examine differences in Htz, or change in Htz [ΔHtz] , between groups at each time point. Repeated measures analysis of variance [ANOVA] was performed to compare Htz between groups over time. Kaplan-Meier survival analysis was performed to evaluate time to first use of anti-TNF therapy. Table 2 and Figure 1B] .
Results
Baseline characteristics of patients treated with CS versus EEN as induction therapy
Laboratory values for albumin, erythrocyte sedimentation rate [ESR], and platelets were similar between groups at baseline assessment [ Figure 1C ]. By 4-12 weeks of therapy, EEN-treated patients had higher albumin levels and lower platelet levels than CS-treated patients. Pairwise analysis of individual changes in laboratory values by 4-12 weeks of therapy showed that patients in the both groups exhibited significant improvements in albumin and ESR levels; EENtreated patients also exhibited significantly reduced platelet levels.
Immunomodulator use was comparable between groups, with 40% of CS patients and 28.9% of EEN patients starting an immunomodulator within 4 weeks of starting induction therapy [ Table 1 ]. Patients on concomitant immunomodulator therapy exhibited similar rates of remission as did patients not on immunomodulator, within CS-and EEN-treated groups [ Figure 1D ].
Biologic use and corticosteroid avoidance
There was no significant difference between groups in the proportion of patients requiring treatment with biologics, with 60% of CS and 44.7% of EEN patients receiving anti-TNF by the maximum follow-up [p = NS] [ Figure 2A ]. Within the first 2 years of diagnosis, 40% of CS-treated patients received anti-TNF therapy, compared with 24.3% of EEN-treated patients [p = 0.09]. There was no significant difference in the time to first use of anti-TNF therapy between groups [ Figure 2B ].
The use of EEN as initial therapy decreased the risk of exposure to CS over a 6-year period, which was most pronounced at 2 and 4 years post-diagnosis with 47.3% and 39.6% of EEN patients remaining steroid-naïve, respectively [ Figure 2C ]. Notably, the majority of EEN-treated patients who had not been exposed to steroids by 2 and 4 years' follow-up were also naïve to anti-TNF therapy [74.3% and 94.7% at years 2 and 4, respectively] [ Figure 2C ], For EEN-treated patients who were exposed to steroids by maximum follow-up, 50% were also treated with anti-TNF therapy. In EEN patients exposed to steroids and anti-TNF, 21 out of 24 [87.5%] received their first exposure to steroids before the start of anti-TNF therapy [ Figure 2D ].
Linear growth outcomes
Patients in the EEN-treated group generally exhibited lower height z-scores at baseline [p = 0.07] [ Table 1 and Figure 3A ], but this difference was no longer observed by 1 year follow-up [p = 0.32], and Few patients presented with perianal disease at diagnosis [ Table 1 ]. An additional six patients developed perianal disease by maximum follow-up, but the incidence did not differ significantly between CS-and EEN-treated groups [3.2% versus 7.0%, p = NS] [ Table 3 ]. Table 3 ]. Repeated hospitalisations were uncommon, with only two patients [both from the EEN group] being hospitalised two or more times.
Hospitalisations and surgeries
There was no significant difference in the proportion of patients undergoing CD-related surgery. The incidence of surgery was relatively rare in our cohort, with only five patients in total [two CS and three EEN] undergoing surgery by maximum follow-up [p = NS] [ Table 3 ]. Surgeries performed in the CS group included ileocecal resection and primary anastomosis, and total colectomy. Surgeries performed in the EEN group included two ileocecal resections and one surgical draining of a perianal abscess. 
Discussion
This is the first study examining both short-and long-term outcomes of EEN and CS induction therapy in a propensity-score matched paediatric CD cohort. Our findings add further support that EEN is a highly efficacious induction therapy and demonstrate that EEN is associated with long-term steroid avoidance, without increased risk for complications [including surgery] and use of biologics. Our data show that clinical remission after EEN is superior to that after CS, with 86.6% versus 58.1% of patients reaching remission based on PCDAI score ≤ 7.5 within 4-12 weeks of starting treatment. These results compare favourably with those of the recent European GROWTH CD study, which reported 71% EEN patients versus 46% CS patients achieving remission by 12 weeks. 7 Metaanalyses of EEN in paediatric CD patients report clinical response rates from 60 to 85%, 27, 28 but remission rates as high as 92% have also been reported. 29 Consistent with observations in the GROWTH CD study, the early introduction of immunomodulators in our cohort [which was more common in the CS group] had no clear effect on the rate of remission within CS-or EEN-treated groups by 4-12 weeks. 7 In addition to demonstrating a high remission rate, patients treated with EEN had the benefit of early growth improvement. Impaired growth is an important complication of CD, specific to the paediatric population. 30 Within our study cohort, 12.6% of patients exhibited linear growth impairment [< -1.65 height z-score] at diagnosis, which falls within the 4% to 38% range of growth failure rates reported among paediatric CD patients at time of diagnosis, depending on the definition used. 31, 32 Despite PS matching, patients in the EEN group presented with lower height z-scores and higher frequency growth failure relative to the CS group, and had significantly lower BMI z-scores, which suggests that nutritional and growth-related concerns factor heavily into patient/clinician decisions to choose EEN for induction therapy. We observed that patients treated with EEN exhibited significantly greater improvement in height z-scores than CS-treated patients by 1-year followup, although this effect was not sustained over the 6-year follow-up period of observation. EEN has previously been demonstrated to be more effective than CS in inducing linear growth recovery in studies with follow-up periods ranging from 8 weeks to 3 months, 5, 33 but there are limited data on the long-term effects of EEN induction therapy on growth. Consistent with our observations, significant [albeit small] improvements in height z-score at 1 and 2 years have been reported in patients treated with EEN for induction compared with patients treated with CS. 28, 34 The early substantial improvement in height gains of EEN patients may be a reflection of clinical response. Linear growth patterns correlate with disease activity, and there is strong pathophysiological evidence that inflammation interferes with the growth hormone axis. 31, 35, 36 EEN downregulates proinflammatory cytokines including TNF-α and IL-6, after which an increase in growth hormones [IGF-1 and IGFBP-3] is observed within 2 weeks of treatment. 37 Thus, our results further support that the combination of nutritional supplementation and anti-inflammatory effect of EEN is associated with short-term improvement in linear growth relative to CS therapy. 8 Importantly, EEN may also influence growth recovery in paediatric CD patients by limiting chronic CS exposure, which is a significant contributing factor toward growth failure.
It has been suggested that although EEN is an effective substitute for CS as an induction therapy, EEN results in only a short-term delay in the inevitable use of CS. 38 Our study and others support a more optimistic view towards EEN as an approach to CS avoidance: over 40% of EEN-treated patients in our cohort remained steroidnaïve for at least 4 years, and a recent study reported that > 60% EEN-treated children avoid CS completely over a 2-year period. 28 Factors contributing to steroid avoidance are unclear. Patients may be inclined to return to familiar therapies to treat disease flares, as was observed in a recent study wherein 82% of children treated with EEN for induction subsequently elected EEN for relapse. 39, 40 In addition, the choice of EEN as an induction therapy at the outset may reflect a strong desire by patients/patient families to avoid the use of CS. Steroid dependency is a frequent complication in paediatric CD. A large paediatric cohort study of steroid-treated patients showed that a significant portion of steroid dependence [< 25%] is associated with younger age at diagnosis [< 10.7 years] and co-existing upper GI tract involvement, suggesting that children with these features could be potentially targeted for steroid-sparing therapies such as EEN. 41 Moreover, concomitant use of immunomodulators was associated with reduced risk of steroid dependency in this cohort. 41 Clearly, a logical approach to avoid steroid dependence may be to choose an alternative to CS as induction therapy.
Our study shows that long-term steroid avoidance via EEN is feasible without increased need for escalation to anti-TNF therapy. The majority of patients in the EEN-treated group who remained steroid-naive by 2 and 4 years had also not been exposed to anti-TNF, indicating that early anti-TNF use could account for only a minor portion of steroid avoidance in this group. 42 Most patients in our cohort [and in both EEN and CS groups] had moderate to severe active CD [PCDAI ≥ 30] at diagnosis, and both groups required escalation of therapy [44% versus 60% from EEN and CS groups, respectively] by the maximum follow-up. We observed a trend towards delayed escalation to anti-TNF in the EEN group by 2 years, but this was not statistically significant. This slight delay in introducing anti-TNF may relate to the superior ability of EEN to induce early mucosal healing, and could suggest that less severe ongoing disease in the EEN-treated group postpones the need for more aggressive therapy. 9, 43 We observed a change in disease location, namely extension towards the ileum, in a subset [n = 7] of EEN-treated patients. Previous paediatric cohort studies have reported extension toward ileal disease in approximately 20% of childhood-onset CD patients, 2 and suggest that delayed ileal involvement in patients presenting with isolated colonic disease [L2] is a feature of paediatric CD that reflects age at onset. 44 L2 disease is a relatively rare phenotype within paediatric CD, 2 and the numbers of patients with an L2+/-L4 phenotype in this study are small [n = 9 CS, n = 12 EEN]. Due to the limited sample size of patients eligible to exhibit ileal extension, and the lack of follow-up endoscopies/imaging investigations, we interpret the apparent lack of disease extension in CS-treated patients as a false-negative effect.
The current study is limited by the retrospective design. The comparative groups were matched based on propensity scores and not allocated randomly; therefore, it is possible that unknown variables contribute to patient stratification beyond the PS-matching criteria. Various factors, including patient choice, could contribute to the use of one therapy over another. Furthermore, whereas this study is adequately powered to replicate findings from the GROWTH CD study, the sample size is not large enough to avoid type II error for rare outcomes. Our cohort exhibited a low rate of adverse long-term outcomes, including hospitalisation or surgical resection, which is likely a reflection of the very low incidence of complicated disease at presentation [< 1%]. That said, a recent study of 1-and 2-year outcomes following EEN versus CS induction therapy, also reported no difference in early surgical outcomes between groups. 45 In conclusion, despite limitations related to the retrospective study design, the current study demonstrates that the use of EEN as initial induction therapy leads to high rates of remission, improved linear growth, and long-term avoidance of steroids. Our data do not suggest that these outcomes are achieved due to greater use of anti-TNF. More studies are needed to identify which patients will benefit most from early treatment escalation versus those who will benefit most over the long-term from nutrition-focused intervention. 
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